Abstract: Bioactive molecules stored in dentin, such as transforming growth factor beta1 (TGF-b1), may be involved in the signaling events related to dental tissue repair. The authors conducted an in vitro evaluation of the amount of TGF-b1 released from dentin slices after treatment with 10% ethylenediaminetetraacetic acid (EDTA), 2.5% sodium hypochlorite (NaOCl) or phosphate-buffered saline (PBS), and the effect of this growth factor on stem cell migration from human exfoliated deciduous teeth (SHED). Sixty 1-mm-thick tooth slices were prepared with or without the predentin layer, and treated with either 10% EDTA for 1 minute, 2.5% NaOCl for 5 days or kept in PBS. Tooth slice conditioned media were prepared and used for TGF-b1 ELISA and migration assays. Culture medium with different concentrations of recombinant human TGF-b1 (0.5, 1.0, 5.0 or 10.0 ng/mL) was also tested by migration assay. The data were evaluated by ANOVA and Tukey's test. Optical density values corresponding to media conditioned by tooth slices either containing or not containing the predentin layer and treated with 10% EDTA were statistically greater than the other groups and close to 1 ng/mL. Increased rates of migration toward media conditioned by tooth slices containing the predentin layer and treated with PBS, 10% EDTA or 2.5% NaOCl were observed. Recombinant human TGF-b1 also stimulated migration of SHED, irrespective of the concentration used. EDTA may be considered an effective extractant of TGF-b1 from the dentin matrix. However, it does not impact SHED migration, suggesting that other components may account for the cell migration.
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Introduction
Regenerative endodontics by revascularization and tissue-engineering strategies have gained increased attention. Several studies have focused on the regenerative potential of different cytokines and growth factors designed to improve cellular chemotaxis and cell homing into the emptied dental pulp space in vivo. 1, 2, 3, 4, 5, 6 The dentin matrix is a reservoir of soluble cytokines and growth factors secreted by odontoblasts and pulp fibroblasts, which could be released during tissue demineralization. 1, 2, 3, 4 The dissolution of these cytokines and growth factors can occur pathologically during dental caries and following restorative procedures. 2, 3 Notably, during severe pulp disease or trauma, primary odontoblasts may not survive, and formation of a Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
new population of odontoblast-like cells for reparative dentinogenesis and bridge formation will require the attraction and recruitment of stem/progenitor cells to the injury site. 5 One such potential chemoattractant for stem cells includes transforming growth factor β1 (TGF-β1). TGF-b1 may be involved in signaling events related to the proliferation, differentiation and recruitment of stem/progenitor cells to the site of tooth injury, in order to initiate regeneration, thus acting as a stimulating factor for dental tissue repair. 6, 7, 8, 9, 10, 11, 12 From a clinical perspective, the use of appropriate irrigation solutions could release the TGF-b1 stored in the dentin, thus contributing to successful regenerative endodontic treatment by directing cellular fate. 4 Two irrigants currently used during cleaning and shaping of the root canal are ethylenediaminetetraacetic acid (EDTA) 13 and sodium hypochlorite (NaOCl).
14, 15, 16, 17 EDTA is a final irrigant that causes dentin demineralization and provides excellent cleaning of the canal walls. 13 It acts on the inorganic components of the smear layer, leading to decalcification of the peri-and intertubular dentin. It also covalently binds to metal ions and sequesters calcium ions present in hydroxyapatite dentin. 18 NaOCl is an auxiliary irrigant that is used during root canal instrumentation to promote debridement, lubrication, disinfection, tissue dissolution, collagen layer removal and dentin dehydration ,14, 15, 16 and that also causes protein denaturation. 17 EDTA condit ion i ng of dent i ne promotes adhesion, migration and differentiation of the pulp stem cells from permanent teeth. 3 In addition, various soluble proteins extracted from the dentine matrix are able to exert a direct biological effect on dental pulp stem cells in promoting mineralized tissue repair mechanisms. 19 Nevertheless, the amount of TGF-b1 released from dentin by different irrigants used in endodontic procedures (such as EDTA and NaOCl) has not been clearly established. Moreover, current knowledge regarding the effect of TGF-b1 on stem cells from human exfoliated deciduous teeth (SHED) and the relative potency of TGF-b1 in promoting the attraction of these cells is limited. Therefore, the purpose of the present study was to make an in vitro evaluation of the amount of TGF-b1 released from dentin slices after their treatment with 10% EDTA in comparison with 2.5% NaOCl 4, 17 or phosphate-buffered saline (PBS), and the effect of this growth factor on the migration of stem cells from human exfoliated deciduous teeth (SHED).
Methodology Tooth slice preparation
The experiments were undertaken with the understanding and written consent of all the subjects and in full accordance with ethical principles. The study was reviewed independently and approved by the ethical board of our institution (Protocol # 040/2011). Forty extracted non-carious human third molars were collected in the surgery clinics of our institution. Residual soft tissues were removed with a periodontal curette, and the dental surfaces were wiped down with 70% ethanol. The teeth were then cut transversally in the cervical region with a diamond-edged blade at low speed under cooling with sterile PBS to obtain slices 1-mm thick and a wide pulp chamber. 20, 21, 22 The pulp tissue was carefully pulled away with tissue forceps, without touching the predentin layer, which could be visually identified by its whitish color in comparison with the yellow dentin.
The thin whitish layer (predentin) was kept untouched in half of the tooth slices (n = 30) and removed from the other half (n = 30) with one half the diameter of the bur head (FG 2134, KG Sorensen, Cotia, Brazil), i.e. 0.7 mm, under refrigeration ( Figure 1 ). All of the samples were disinfected with ethanol in decreasing concentrations (100-70%) and stored in sterile PBS.
Tooth slice conditioned media preparation
Tooth slices both containing and not containing the predentin layer were treated with either 10% EDTA for 1 minute, 2.5% NaOCl for 5 days or kept in PBS. Each tooth slice was transferred to 24-well plates containing 500 mL of alpha-MEM (Gibco, Invitrogen, Grand Island, USA), supplemented with 10% fetal bovine serum (FBS, Fetal Bovine Serum, certified, heat-inactivated, Gibco, Invitrogen, Grand Island, USA) and 1% penicillin and streptomycin solution (Penicillin-Streptomycin, Gibco, Invitrogen, Grand Island, USA). The plates were incubated at 37ºC for 3 days and the tooth slice conditioned media were collected for enzyme-linked immunosorbent assay (ELISA) and migration assay.
ELISA assay
An ELISA kit was used to quantify the TGF-b1, according to the manufacturer's instructions (Quantikine; R&D Systems, Minneapolis, USA). A standard curve was created with the serially diluted TGF-b1 provided in the kit. Optical density was immediately determined using a spectrophotometer at 450 nm. The data were linearized by plotting the log of the TGF-β1 concentrations versus the log of the optical density. TGF-b1 concentrations were determined by linear regression. Each sample was assayed in triplicate.
Cell culture
The SHED, kindly provided by Dr. Bruno N. Cavalcanti (DDS, MSc, PhD, Institute of Science and Technology, São Paulo State University, São José dos Campos, Brazil), were isolated by standard enzymatic digestion protocol and characterized according to Miura et al., 23 after Institutional Review Board approval (CAAE 02210312.1.0000.0077). The SHED were cultured in alpha-MEM supplemented with 10% fetal bovine serum and 1% penicillin and streptomycin solution. The cells were maintained in the incubator at 37°C and 5% CO 2 , and split at a ratio of 1:3 when they reached 80% confluence. The medium was changed every three days. The SHED were used at passages 5 to 7.
Cell migration assay
Each well of a 24-well companion plate (Fisher Scientific, Pittsburgh, USA) was loaded with 500 mL of either the medium conditioned by the tooth slices containing or not containing the predentin layer and treated with 10% EDTA, 2.5% NaOCl or PBS, or the medium supplemented with 20% FBS (Control 1) or 10% FBS (Control 2). Twenty-four-hour serum-starved SHED (2 x 10 4 ) were seeded onto 8 mm-pore-sized inserts in 200 mL of culture medium A second migration assay was performed using different concentrations of recombinant human TGF-b1 (0.5, 1.0, 5.0 and 10.0 ng/mL) instead of the conditioned media as a chemoattractant for the cells, using the same protocol described above.
Statistical analysis
Statistical analysis was performed using R statistical software. The data were tested for normality and analyzed by analysis of variance (ANOVA), followed by Tukey's test. Differences were considered significant at p < 0.05. The data were expressed as mean value and standard deviation.
Results
ELISA results for detection of TGF-b1 in the experimental groups, and their comparison with known concentrations of serially diluted TGF-b1 antibody, are seen in Figure 2A and Figure 2B . Figure 2C shows the comparison of the optical densities among the groups measured with a spectrophotometer for detection of TGF-b1 released in the culture medium. The optical density values corresponding to the media conditioned by tooth slices either containing or not containing the predentin layer and treated with 10% EDTA were statistically greater than those of the other groups (p < 0.05). No differences were seen among the groups treated with 2.5% NaOCl and PBS. Table 1 presents the estimated concentration of TGF-b1 in each group, calculated by linear regression (y = ax + b), where y is the estimated concentration of TGF-b1, x is the optical density, a = 0.0021 and b = 0.1401. The standard curve presented great *significant at p < 0.05. Figure 2 . Enzyme-linked immunosorbent assay (ELISA) for detection of TGF-b1. A) TGF-b1 released in the culture medium by tooth slices either containing or not containing the predentin layer (PD) and treated with PBS, 10% EDTA or 2.5% NaOCl, B) compared with serially diluted TGF-b1 antibody. C) Optical density at 450 nm measured on an ELISA reader for detection of TGF-b1 released in the culture medium by tooth slices either containing or not containing the predentin layer (PD) and treated with PBS, 10% EDTA or 2.5% NaOCl. The concentrations of TGF-b1 in the groups treated with 10% EDTA were close to 1 ng/mL. Statistically significant differences were detected between the rates of migration toward the medium conditioned by tooth slices containing the predentin layer, in comparison with those without the predentin layer, for each treatment performed (p < 0.05, Figure 3) . Increased rates of migration toward Control 1 and the media conditioned by tooth slices containing the predentin layer and treated with PBS, 10% EDTA or 2.5% NaOCl were observed, with no difference among these groups (p > 0.05). Lower rates were seen for cells migrating toward Control 2 and the media conditioned by tooth slices without the predentin layer, with no difference among the three treatments performed (p > 0.05).
The migration ability of SHED toward the media containing different concentrations of recombinant human TGF-b1 is seen in Figure 4 . Increased migration rates were detected in the groups containing TGF-b1, irrespective of the concentration used, in comparison with controls 1 and 2 (p < 0.05).
Discussion
Pulp tissue injury from dental trauma and caries in teeth with incomplete apical development have provided unique opportunities to explore the regenerative potential in endodontics. It is believed that, if the revascularization or the engineering of a vital pulp could induce root extension and radicular reinforcement, the root canal could be chemically and/or mechanically treated to enable elimination of microorganisms, tissue dissolution and removal of debris and organic components of the smear layer. In order to produce new dentin, stem/progenitor cells would have to migrate toward the treated dentine walls, proliferate and differentiate into odontoblasts. 4 In the present study, we used tooth slices with and without the predentin layer, and chemical agents typically employed as root canal irrigants (NaOCl and EDTA), to test if the Table 1 . Estimated TGF-b1 concentration (pg/mL) in the medium conditioned by tooth slices either containing or not containing the predentin layer (PD) and treated with PBS, 10% EDTA or 2.5% NaOCl. The choice of EDTA and NaOCl was based on their widespread use in the solubilization of the dentin matrix and mineral components from the smear layer. 4, 8 In contrast, PBS was chosen due to its inability to properly dissolve the mineral or organic components of dentin. 4, 8 Considering that NaOCl denatures proteins found in the dentin matrix, 17 we employed this solution for five days to remove the organic content from dentin in an attempt to eliminate the effect of dentin matrix molecules on SHED. As expected, EDTA was a significantly more effective extractant of TGF-b1 than PBS and NaOCl. This is most likely attributed to its powerful demineralizing and solubilizing action on hard dental tissues. 2 In contrast, a smaller amount of TGF-b1 was found in the NaOCl treatment samples. Although our data broadly corroborate those of other studies showing that EDTA conditioning of dentine promotes migration of dental pulp stem cells, 3 we noticed differences in relation to published data regarding cell migration toward alpha-MEM supplemented with 20% FBS (Control 1). Whereas our study found that the rates of migration toward the media conditioned by tooth slices containing predentin layer and treated with 10% EDTA were similar to those of Control 1, 3 Galler et al. (2016) found that cell migration toward the pretreated dentine surface amounted to 70% of the positive migration control (alpha-MEM with 20% FBS). This variation may be explained (at least in part) by the use of cell types different from SHED.
The ability of chemical treatment with root canal irrigants to unmask TGF-β1 epitopes on the matrix surface 8 has important implications for pulp revascularization and pulp tissue engineering, since this treatment could facilitate TGF-β1 mediated reparative and/or regenerative processes at the injury sites. Our results demonstrate that appropriate dentin treatment can optimize exposure of endogenous TGF-β1, which may be important to provide a signaling mechanism for stem/progenitor cell migration 24 and odontoblast-like cell differentiation 18 . However, little information is available as of yet on the signals involved in the migration that precedes reparative dentin synthesis. 15 The present study demonstrated that SHED m ig rat ion was not i n f luenced by the tooth slice treatment, but rather by the presence or absence of the predentin layer. Considering t hat m i n imal or no i n st r umentat ion of t he dentinal walls is recommended for dental pulp revascularization procedures, 25 our results suggest that no instrumentation is preferable since the soluble proteins would remain available in the untouched predentin layer, so as to be extracted and exert biological effects on dental pulp stem cells. Interestingly, recombinant human TGF-β1 stimulated SHED migration, corroborating the results by Mathieu et al,. 24 who observed that TGF-β1 acted as a potent chemotactic factor of STRO-1-sorted cells, although this event was not concentration-dependent in our study.
The fact that the use of EDTA promoted significant TGF-β1 release, but did not increase SHED migration, suggests that other signaling molecules may also be mobilized from dentin and impair the TGF-β1 effect on SHED migration. Additionally, the increased migration ability of SHED toward the media conditioned by tooth slices containing the predentin layer, in comparison with that toward the media conditioned by tooth slices without the predentin layer, irrespective of the treatment performed, may be attributed to the enhanced mobilization of bioactive substances other than TGF-β1 from the non-mineralized predentin versus the mineralized dentin.
Conclusion
EDTA is a more effective extractant of TGF-b1 from the dentin matrix than NaOCl or PBS. However, the release of TGF-b1 from the dentin matrix by EDTA treatment does not impact SHED migration, suggesting that other components may account for the cell migration.
